In congestive heart failure, vascular resistance increases because of vasoconstriction caused by activation of the neurohumoral system. On the other hand, vasodilatory responses can partially compensate for vasoconstriction by increasing vasodilatory substances. Although vasoconstrictive forces predominate as a whole, there is heterogeneity in the responses of different vascular beds to vasoactive agents. Especially, as for coronary circulation in the setting of heart failure, many factors may cause disturbances in coronary circulation. Thus, in this review, we discuss from the point of view of neurohumoral modification of coronary flow, coronary flow reserve, endothelial dependent and independent control of vasomotor tone, vascular responses in relation to vessel size or the severity of heart disease, and mechanical factors that determine coronary circulation. Throughout these discussions, the mechanism responsible for the reduction in coronary dilatory capacity is also described. Depressed myocardial blood flow and a blunted flow response to cardiovascular stimulation together may be one important mechanism responsible for the progression of disease in patients with cardiac dysfunction. Accordingly, even though it is not known whether abnormal coronary circulation is a cause or effect of heart failure, the treatment of impaired coronary flow reserve seems to be essential in the care of patients with cardiac dysfunction. (Jpn Heart J 1997; 38: 755-767) 
several vascular beds (hindquarter, renal, and intestinal vessels) in a rat heart failure model,50) as well as in the forearm and systemic vascular beds of patients with chronic heart failure.51,61) In contrast, the basal level of nitrite released from large coronary arteries and microvessels isolated from failing hearts is significantly less than in vessels from normal hearts.52) Thus, the amount of basal NO production in the coronary circulation remains controversial. Additionally, in vivo NO production in the coronary vascular beds has not been studied in the basal state in the failing heart.
Recently, we studied systemic vascular resistance and diastolic coronary vascular resistance in the pacing-induced canine heart failure model. The diastolic coronary pressure-flow relationship is minimally influenced by cardiac contraction or metabolic regulation.62,63) Further, the slope of this relationship corresponds to coronary resistance. Thus, the diastolic coronary pressure-flow relationship should provide better information about coronary circulation than the calculated resistance. In our study, the basal coronary flow increased 3 weeks of pacing at 240/min, and the slope of the diastolic coronary pressure-flow relationship became steeper without a significant change in the measured zero-flow pressure.64) After administration of a NO synthesis inhibitor, the slope of the coronary pressure-flow relationship in the heart failure group decreased more than before heart failure. These results indicate that basal coronary flow is maintained by basal NO production in small coronary arteries. Further, NO-mediated increases in coronary flow are not necessarily impaired in chronic heart failure, at least not in the early stages of decompensated heart failure. However, it is unclear from this study whether basal NO production decreases after the development of severe congestive heart failure as previously suggested.49,53) Furthermore, decreased,65) unchanged,5,6) and increased1,4) basal coronary flow have all been reported and there is still controversy concerning basal coronary flow in heart failure, as noted in the production of basal NO. 
MECHANICAL MODIFICATIONS OF CORONARY CIRCULATION IN HEART FAILUR
In heart failure, the ventricular filling pressure , ventricular diastolic volume, and heart rate increase while ventricular developed pressure , cardiac contractility, and aortic pressure decrease or tend to decrease. Therefore , the driving pressure for coronary perfusion [diastolic aortic pressure minus right atrial pressure (i.e., downstream pressure)] seems to fall. In fact, an increase in the filling pressure impedes coronary inflow and an elevated downstream pressure causes an increase in the zero-flow pressure of the coronary pressure-flow relationship without changing the slope of the relationship.76-80) In addition , the inhibitory effects of increased diastolic filling pressure on coronary inflow are augmented if the pericardium is acutely stretched.81) Thus, increased ventricular filling pressure implies impairment of coronary inflow . Furthermore, right atrial pressure or coronary venous pressure, which acts as back pressure for the coronary circulation, also determines the zero-flow pressure of the coronary pressure -flow rela- In addition, the effects of afterload impedance on coronary circulation,97) as well as the coronary perfusion pressure itself, must be taken into account in the setting of decreased arterial compliance. Conversely, pressure changes not only in the arterial tree, but also in the venous system, may alter ventricular compliance.98-101) Accordingly, interactions between the coronary vascular bed, extravascular mechanical factors, and the coronary and systemic circulations are believed to occur in congestive heart failure. Moreover, mechanical modulation of coronary circulation may be further influenced by various in vivo phenomena including activation of the neurohumoral system.102) Finally, the progression from the compensated state of cardiac dysfunction to overt heart failure is due to many factors. Among them, impaired coronary flow reserve is probably a primary factor. Even though it is not known whether abnormal coronary circulation is a cause or effect of heart failure, the treatment of impaired coronary flow reserve is essential in the care of patients with cardiac dysfunction. However, there has been little progress in the pharmacologic treatment of abnormal coronary circulation in heart failure. These issues, as well as the many unanswered problems mentioned above, should be the subjects of intensive investigation in the near future. 
